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Apical Root Resorption Six and 12 Months After Initiation
of Fixed Orthodontic Appliance Therapy
Jon A˚ rtuna; Isolde Smaleb; Faraj Behbehanic; Diane Doppeld;
Martin Van’t Hofe; Anne M. Kuijpers-Jagtmanf
Abstract: The low explained variance of identified risk factors for apical root resorption in or-
thodontic patients suggests effects of parameters related to individual predisposition. Our purpose
was to explore this hypothesis. We evaluated standardized periapical radiographs of the maxillary
incisors made before treatment (T1) as well as at about six and 12 months after bracket placement
(T2 and T3) of 247 patients aged 10.1 to 57.1 years at T1. The radiographs were converted to
digital images, and commercially available software was used to correct for differences in projec-
tion. The results showed that 20.2%, 7.7%, and 5.3% of the patients had $1 tooth with .2.0,
3.0, and 4.0 mm resorption at T3, respectively. Pearson’s correlation revealed an association
between resorption from T1 to T2 and from T2 to T3 (P , .01). The risk of $1 tooth with .1.0
mm resorption from T2 to T3 was 3.8 times higher (95% CI 2.4–6.0) in patients with $1 tooth
with .1.0 mm from T1 to T2 than in those without. Also, resorption was more pronounced (P ,
.001) from T2 to T3 in patients with $1 tooth with .1.0 mm and .2.0 resorption from T1 to T2
than in those without. The explained variance of identified risk factors was ,10%. Orthodontic
patients with detectable root resorption during the first six months of active treatment are more
likely to experience resorption in the following six-month period than those without. (Angle Orthod
2005;75:919–926.)
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INTRODUCTION
Studies based on random measurements of tooth
lengths (TL) on standardized periapical radiographs
made before and after active orthodontic treatment
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conclude that the sample mean of the averaged
amount of resorption of all six maxillary anterior teeth,1
of the four maxillary incisors,2,3 or of each pair of max-
illary central and lateral incisors,1–4 is less than 1.5
mm. Accordingly, apical root resorption is of limited
clinical significance for the average patient.
However, about 4% of the patients experience gen-
eralized resorption of more than three mm,1,2 and
about 5% of adults1 and 2% of adolescents2 are likely
to have one or more teeth that undergo more than five
mm of resorption during appliance therapy. Similarly,
simultaneous subjective scoring of pre- and posttreat-
ment panoramic radiographs of a large representative
patient sample5 suggests that about 3% experience
resorption of more than one fourth of the root length
of both maxillary central incisors during fixed appliance
therapy. Although the resorption process stops once
the active appliances are removed,6 severely resorbed
teeth may be lost prematurely in patients who are also
susceptible to marginal periodontal breakdown. In ad-
dition, teeth with abnormally short roots may not be
suitable as future bridge abutments. The ability to
identify the small proportion of patients at risk of se-
vere apical root resorption before or early in treatment
may, therefore, be of clinical significance.
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Regression analyses conclude that amount of tooth
movement,7,8 abnormal root form,7,8 increased TL,7,8
and reduced root width (RW)7–9 are risk factors for api-
cal root resorption. In addition, split mouth7,10 and in-
tergroup7 comparisons of representative patient sam-
ples conclude that endodontic treatment is a preven-
tive factor. Although a recent report on selected cases
suggested that dental anomalies of any tooth in the
dentition are a major general risk factor for orthodontic
resorption of the maxillary incisors,11 this hypothesis
could not be confirmed in a recent controlled clinical
study.12
Multivariate regression concludes that the variance
in resorption at the end of treatment that can be ex-
plained by the identified risk factors is less than
20%.3,7,9 This finding suggests effects of parameters
related to individual predisposition. If so, predisposed
patients may experience root resorption early in ortho-
dontic treatment. We recently explored this hypothesis
by evaluating a large representative patient sample
approximately six months after placement of maxillary
incisor brackets.13 We found that 4.1% of the patients
had an average resorption of 1.5 mm or more of the
four maxillary incisors and that 15.5% had one or more
teeth that resorbed at least 2.0 mm. The maximum
resorption at the tooth level was 4.4 mm. The ex-
plained variance of the identified risk factors was as
low as 14% for the central and 24% for the lateral in-
cisors.
The aim of this study was to determine the preva-
lence of apical root resorption after about 12 months
in this patient group and to test the hypothesis that an
association exists between amount of resorption dur-
ing the first and second observation periods.
MATERIALS AND METHODS
Study population and sample
A total of 302 orthodontic patients were consecu-
tively enrolled between March 2001 and July 2002 at
three different centers in Kuwait, Nijmegen, and Seat-
tle. All patients were treated with either 0.018-inch
(113 patients) or 0.022-inch (189 patients) bracket slot
multibonded preadjusted appliances.
The protocol called for three radiographic projec-
tions, one with the central ray between the two central
incisors and one with the ray centered at the lateral
incisor on either side, according to a paralleling tech-
nique. The radiographs were obtained before (T1) and
approximately six (T2) and 12 (T3) months after place-
ment of maxillary incisor brackets.
For this communication, 247 patients, 164 females
and 83 males (mean age at T1: 19.2 years, SD 10.8;
range 10.1 to 57.1 years), were evaluated. The eval-
uations were over a time period ranging from 4.3 to
9.4 months from T1 to T2 (mean 6.4, SD 0.9), from
3.0 to 11.0 months from T2 to T3 (mean 6.0, SD 1.0),
and from 8.7 to 15.7 months from T1 to T3 (mean
12.4, SD 1.0). Patients without radiographs at T3 (n 5
49, of whom five elected to withdraw from the study)
or with insufficient quality of the radiographs at T1 (n
5 6) were excluded.
No systematic differences were detected in age,
sex, extraction decision, incisor irregularity, or follow-
up period between the included and discarded patients
(P . .05). At T2, all radiographs were missing for two
patients, and eight teeth were omitted among six of
the remaining 245 patients, seven because of incom-
plete radiographic projection and one because of un-
successful reconstruction (see subsequent para-
graph). In addition, 75 teeth were omitted at all time
periods among 53 patients, 26 because of a combi-
nation of congenital absence or incomplete radio-
graphic projection and 49 because of unsuccessful re-
construction.
Anamnestic parameters
A history of previous orthodontic treatment was re-
corded as present or absent through patient inter-
views. A history of traumatic injury to any maxillary
incisor was recorded through clinical and radiographic
examination and patient interviews.
Occlusal parameters
Anatomic contact point displacement was measured
from the mesial of one maxillary canine to the mesial
of the other on the T1 study models. Labiolingual dis-
placement was measured according to a modified ir-
regularity index (IRI), defined as the sum of labiolin-
gual discrepancies perpendicular to the dental arch.
Mesiodistal displacement was measured according to
a proposed spacing index (SPI), defined as the sum
of horizontal discrepancies parallel to the dental arch,
which recorded no displacement as zero, overlapping
as negative, and spacing as positive. Contact point
displacement was measured according to a proposed
contact displacement index (CDI), similar to Little’s
IRI,14 and defined as the sum of the distances between
adjacent anatomic contact points, regardless of space
or overlapping. IRI and SPI were measured with a
transparent millimeter-grid and CDI with a digital cali-
per (Fred V Fowler Co Inc, Newton, Mass), all to the
nearest 0.5 mm.
Scanning and reconstruction of
periapical radiographs
All periapical radiographs were converted to digital
images using an HP Scanjet 5470c scanner (Hewlett-
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Packard, Palo Alto, Calif) at a resolution of 300 dpi.
The Windows-based Emago/Advanced version 2.20
software package (SODS, Amsterdam, The Nether-
lands) was used to correct for differences in enlarge-
ment and projection between corresponding images at
different time intervals by superimposing on four iden-
tical anatomic landmarks on the images, two as far
incisally and two as far apically as possible.13,15
Each pair (T1, T3) or series (T1, T2, T3) of scanned
images were evaluated simultaneously on the screen,
and the projection judged most favorable was chosen
as a reference (Figure 1A through C). The quality of
the reconstruction was checked by subtracting the re-
constructed image from the reference image. If only
minimal root and crown structures could be discerned
on the subtracted image, the reconstruction was con-
sidered successful (Figure 1E).
Computerized evaluations
All reconstructed and reference radiographic images
were coded and measured in random order with the
aid of the Emago software, recording the number of
pixels between landmark pairs.13,15 TL was measured
as the distance from tip of the apex to the midpoint of
either the incisal edge, the line connecting the mesial
and distal outlines of cementoenamel junction (CEJ),
or of the gingival contour of the bracket base, depend-
ing on location of the incisal reference points used for
reconstruction. No reference brackets failed during the
observation period. RW was measured four mm from
the apex. Assuming that the enlargement factor was
negligible, absolute distances were calculated accord-
ing to the formula one pixel 5 0.085 mm because all
images were scanned at a resolution of 300 dpi.
Subjective evaluations
Root form was scored subjectively as normal, blunt,
eroded, pointed, bent, or bottle shaped on the T1 ra-
diographs (Figure 2).
Method error
The reproducibility of the measurements was as-
sessed by analyzing the differences between double
measurements taken at least one week apart on study
models and radiographs at T1, T2, and T3 of 20 ran-
domly selected patients. For the computerized mea-
surements, the whole reconstruction and landmark
identification procedures were repeated. The errors of
the continuous variables were calculated from the
equation
2SDS 5 ,x ! 2N
where D is the difference between duplicated mea-
surements and N is the number of double measure-
ments,16 as well as according to Pearson’s correlation
coefficient (r ).
The errors of the study model measurements were
1.33 mm for SPI (r 5 0.71), 1.84 mm for IRI (r 5 0.85),
and 2.37 mm for CDI (r 5 0.64). The errors for the
measurements of TL and RW at T1 were 0.46 mm (r
5 0.96) and 0.25 mm (r 5 0.70), respectively, whereas
the error for calculation of root resorption was 0.46 mm
(r 5 0.67). The Kappa for duplicate subjective scoring
of root shape was 0.74.
Statistical analyses
Apical root resorption at T2 and T3 was calculated
by subtracting each TL at T2 and T3 from the corre-
sponding TL at T1 and T2. Descriptive statistics were
performed, and Pearson’s correlation coefficients were
used to test the association between resorption from
T1 to T2 and from T2 to T3. Chi-square or Fisher’s
exact tests were used to test the differences in pro-
portions of patients with $1 incisor with .1.0 mm and
.2.0 mm resorption from T2 to T3 between patients
with and without $1 incisor with .1.0 mm resorption
as well as between patients with and without $1 in-
cisor with .2.0 mm resorption from T1 to T2. Inde-
pendent t-tests were calculated to test for differences
in resorption from T2 to T3 between patients with $1
tooth with .1.0 mm and .2.0 resorption from T1 to
T2 and those without.
Linear regression analyses were used to test the
association between resorption from T1 to T3 and the
different anamnestic, occlusal, and treatment param-
eters as well as the measurements of the reconstruct-
ed T1 radiographic images (Table 4). After univariate
regression, stepwise multiple regressions with forward
selection were used to develop a prediction model.
Variables with the lowest P value were successively
entered into the model if their effects were significant
at P , .05. Separate analyses were made for the cen-
tral and lateral incisors, using the most severely re-
sorbed tooth for each pair as the dependent variable.
RESULTS
Prevalence of resorption at T3
The average patient had 0.76 mm averaged resorp-
tion of all four maxillary incisors and one incisor with
resorption of 1.39 mm (Table 1). A total of 5.3% (95%
CI 2.4–8.2%) had averaged resorption .2.0 mm (Fig-
ure 3), and the maximum amount of averaged resorp-
tion was 5.48 mm (Figure 4; Table 1). Similarly, 7.7%
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FIGURE 1. Reconstruction of pretreatment (T1) and 12-month follow-up periapical radiographs (T3) according to radiographic projection at six-
month follow-up (T2): (A) original T1 image; (B) original T2 image; (C) original T3 image; (D) reconstructed T1 image; (E) subtraction of
reconstructed T3 image from original T2 image; (F) reconstructed T3 image.
(95% CI 4.3–11.1%) had $1 teeth with .3.0 mm re-
sorption, and 2.4% (95% CI 0.5–4.3%) had $1 teeth
with .4.0 mm resorption (Figure 5). The maximum re-
sorption at the tooth level was 6.26 mm (Figure 6; Ta-
ble 1). A total of 9.4% of the teeth were calculated to
have tooth elongation at a maximum value of 0.93
mm. As a result, 2.4% of the patients were calculated
to have an averaged amount of tooth elongation of all
four incisors and one patient was calculated to have a
negative value for the most severely resorbed tooth.
Associations between resorption from T1 to T2
and from T2 to T3
Pearson’s R for amount of resorption from T1 to T2
vs from T2 to T3 ranged from 0.24 to 0.49 (P , .001)
for each incisor, was 0.55, 0.40, and 0.62 for averaged
resorption of both lateral, both central, and all four in-
cisors, respectively (P , .001), and was 0.56 for the
most severely resorbed incisor per patient (P , .001).
The frequency of patients with $1 tooth with .1.0 mm
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FIGURE 2. Criteria for subjective scoring of root form: N, normal; A,
blunt; B, eroded; C, pointed; D, deviated; E, bottle shaped.
TABLE 1. Descriptive Statistics for Resorption of Each Incisor (12,
11, 21, 22) and the Most Severely Resorbed Incisor (Inc Max) as
well as Averaged Resorption of Both Lateral (12, 22), Both Central
(11, 21), and All Four Incisors Per Patient (in mm) at a Mean Period
of 12.4 Months (SD 1.0) After Bracket Placement
Mean SD Min Max
12 0.94 1.00 20.34 5.08
11 0.72 0.79 20.68 5.59
21 0.66 0.81 20.93 5.08
22 0.78 0.92 20.68 6.26
Inc Max 1.39 0.98 20.08 6.26
12, 22 0.67 0.70 20.34 5.63
11, 21 0.84 0.82 20.27 5.33
12, 11, 21, 22 0.76 0.67 20.14 5.48
FIGURE 3. Percentage of patients with averaged amount of apical
root resorption of all four maxillary incisors within each 0.5 mm in-
terval.
FIGURE 4. Reconstruction of pretreatment (T1) and 12-month fol-
low-up periapical radiographs (T3) according to radiographic projec-
tion at six-month follow-up (T2) of patient with averaged resorption
of 2.22 mm from T1 to T2 and 3.26 mm from T2 to T3 of all four
incisors.
FIGURE 5. Percentage of patients with maximum amount of resorp-
tion of one maxillary incisor within each 0.5 mm interval.
and with .2.0 resorption from T2 to T3 was higher (P
, .001) in patients with $1 tooth with .1.0 mm and
with .2.0 mm resorption from T1 to T2 than in those
without (Table 2). The risk of $1 tooth with .1.0 mm
resorption from T2 to T3 was 3.8 times higher (95%
CI 2.4–6.0) in patients with $1 tooth with .1.0 mm
from T1 to T2 than in those without. Similarly, mean
values for averaged resorption of all four incisors as
well as of the most severely resorbed tooth per patient
from T2 to T3 was higher (P , .001) in patients with
$1 tooth with .1.0 mm and with .2.0 mm resorption
from T1 to T2 (Table 3) than in those without.
Predictors for resorption
Univariate linear regression revealed that an in-
crease in TL as well as increased observation period
from T1 to T3 were associated with increased risk of
resorption of the central incisors (P , .05, Table 4).
Both variables were included in the final model as risk
factors (Table 4), with r 2 (explained variance) of 0.032.
The univariate analyses detected an association be-
tween male sex (P , .05), time with square wire (P ,
.01), increased TL (P , .01), and reduced RW (P ,
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FIGURE 6. Reconstruction of pretreatment (T1) and 12-month fol-
low-up periapical radiographs (T3) according to radiographic projec-
tion at six-month follow-up (T2) of patient with 2.88 mm resorption
from T1 to T2 and 3.38 mm from T2 to T3 of maxillary left lateral
incisor.
TABLE 2. Number (N) and Percentage of Patients With and Without $1 Incisor With .1.0 mm and .2.0 mm Resorption From T2 to T3
Among Patients With and Without $1 Incisor With .1.0 mm Resorption as well as With and Without $1 Incisor With .2.0 mm Resorption
From T1 to T2
,1.0 mm T2 to T3
N %
.1.0 mm T2 to T3
N %
,2.0 mm T2 to T3
N %
.2.0 mm T2 to T3
N %
,1.0 mm T1 to T2 (N 5 159) 140 88.1 19 11.9 159 100.0 0 0.0
.1.0 mm T1 to T2 (N 5 86) 48 55.5 38 44.2 82 95.3 4 4.7
,2.0 mm T1 to T2 (N 5 226) 184 81.4 42 18.6 226 100.0 0 0.0
.2.0 mm T1 to T2 (N 5 19) 4 21.1 15 78.9 15 78.9 4 21.1
TABLE 3. Differences in Averaged Amount of Resorption of All Four Incisors (12, 11, 21, 22) as well as of the Most Severely Resorbed
Incisor (Inc Max) Per Patient During the Second Approximate Six-Month Period (T2 to T3) Between Patients With and Without $1 Incisors
With .1.0 mm and .2.0 mm Resorption During the First Approximate Six-Month Period (T1 to T2) After Bracket Placement
12, 11, 21, 22 (T2 to T3)
Mean SD P
Inc Max (T2 to T3)
Mean SD P
,1.0 mm (T1 to T2, N 5 159) 0.22 0.21 0.54 0.37
.1.0 mm (T1 to T2, N 5 86) 0.49 0.48 ,.001 0.97 0.66 ,.001
,2.0 mm (T1 to T2, N 5 226) 0.26 0.25 0.62 0.40
.2.0 mm (T1 to T2, N 5 19) 0.90 0.73 ,.001 1.57 0.93 ,.001
.001) and resorption of the lateral incisors (Table 4).
Time with square wire, increased TL, and reduced RW
were included in the final prediction model, with r 2 5
0.075. Sex was not offered as a variable in the multi-
variate analyses because of a colinearity between TL
and sex, with males having longer lateral incisors. An-
terior elastics were only used from 0.3 to 10.1 months
in nine patients and bottle-shaped roots only scored in
one lateral and four central incisors. These parameters
were therefore not included as parameters in the re-
gression analyses.
DISCUSSION
Interpretation of the whole range of root resorption
estimates derived from radiographs made according to
a standardized paralleling technique revealed that
some teeth were judged to have tooth elongation de-
spite the fact that continued root growth can be ruled
out,1,3 suggesting that projection and magnification er-
rors may be common. Attempting to minimize this
problem, we used a recently introduced digital recon-
struction technique15 in our study. The fact that the
maximum enlargement was 0.9 mm in this as well as
in a previous study13 as opposed to two mm or more
without reconstruction1,3 confirms the usefulness of the
technique.
We could confirm previous findings of an associa-
tion between increased TL and amount of root resorp-
tion.7,8,13 We could also confirm an association be-
tween narrow roots and resorption.7–9,13 Because such
root forms are more common in the maxillary lateral
than in the maxillary central incisors, the common find-
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TABLE 4. Results of Univariate Regression and Multivariate Regression Analyses With Forward Selection Using the Most Severely Resorbed
Maxillary Central and Lateral Incisors (in mm) at a Mean Period of 12.4 Months (T3) After Bracket Placement (T1) as the Dependent Variablesa
Variable (unit)
Maxillary Central Incisor
Univariate
Effect P
Multivariate
Effect (SE) P
Maxillary Lateral Incisor
Univariate
Effect P
Multivariate
Effect (SE) P
Age at T1 (y) 20.09 .18 .60 20.11 .06 .17
Time T1 to T3 (mo) 0.15 ,.05 0.15 (0.05) ,.05 0.04 .53 .94
Sex (male/female) 20.06 .36 .25 20.18 ,.01
Previous treatment (yes/no) 20.09 .19 .23 20.13 .06 .12
Square wire (mo) 0.05 .42 .49 0.15 ,.05 0.15 (0.02) ,.05
IRI (mm) 0.06 .34 .50 20.04 .51 .79
SPI (mm) 0.07 .31 .44 0.03 .60 .53
CDI (mm) 0.08 .25 .44 20.05 .42 .97
Tooth length (mm) 0.13 ,.05 0.13 (0.01) ,.05 0.17 ,.05 0.15 (0.01) ,.05
Trauma (yes/no) 0.10 .14 .07 0.05 .42 .79
Root width (mm) 20.08 .25 .52 20.21 ,.001 20.19 (0.01) ,.01
Root form:
Normal (0) (yes/no) 20.06 .38 .31 20.10 .13 .62
Blunt (1) (yes/no) 20.01 .86 .83 20.01 .89 .47
Eroded (2) (yes/no) 0.08 .20 .96 0.07 .24 .45
Pointed (3) (yes/no) 0.04 .51 .55 0.11 .09 .45
Deviated (4) (yes/no) 0.09 .25 .43 0.08 .21 .60
Post elastics (mo) 0.07 .48 .44 0.08 .53 .56
a IRI indicates irregularity index; SPI, spacing index; and CDI, contact displacement index.
ing that maxillary lateral incisors experience resorption
more than other teeth during orthodontic treat-
ment1,3,4,13 may not be unexpected.
In keeping with previous studies,7,8,13 we found no
indications that teeth with short, blunt roots are at in-
creased risk of resorption. Although we could confirm
atypical root form7,8 as a risk factor after six months of
treatment,13 no such association was detected after 12
months. However, we could confirm our six-month ob-
servation of increased resorption with increased treat-
ment time.13 Inconclusive findings in previous studies
regarding total treatment time and amount of resorp-
tion at time of appliance removal3,5,7–9 may reflect lack
of association between treatment time and time with
appliance activity in later stages of treatment. In keep-
ing with previous studies,3,7,9,13 the explained variance
of the identified risk factors related to tooth morphol-
ogy and treatment parameters was low, in this sample
less than 10%.
The fact that about 5% of the patients in our sample
had an averaged resorption of more than two mm and
that almost 8% had at least one incisor with more than
three mm resorption during the first 12 months of treat-
ment may be of concern if the process proves to con-
tinue at a similar rate, particularly because the maxi-
mum resorption at the tooth level was more than six
mm.
Our findings of a clinically significant association be-
tween the amount of resorption during the first and
second six-month periods of active treatment suggest
that patients at risk of severe resorption may be iden-
tified early in treatment. Our aim is to explore the pre-
dictive value of early signs of resorption in detail once
all treatment is completed. Of particular significance
may be the final amount of resorption among the
13.4% of the patients in our study with more than two
mm resorption after six months13 and the 7.7% with
more than three mm resorption after 12 months of
treatment (Figure 5) of one or more incisors relative to
the patients with minimal amount of resorption during
the initial treatment stages.
The patients in our study were recruited from three
different centers in different countries. Regardless of
possible racial differences and any differences in treat-
ment mechanics, no differences in resorption were de-
tected among the subsamples, justifying our combin-
ing the patients to one group for the statistical analy-
ses.
CONCLUSIONS
• Root resorption can be detected in the early stages
of orthodontic treatment.
• About 5% of the patients have an averaged amount
of resorption of two mm or more of the four maxillary
incisors, and almost 8% have one or more maxillary
incisor with resorption of three mm or more at an
average of about 12 months after initiation of fixed
appliance therapy.
• The low explained variance of identified risk factors
related to tooth morphology and treatment parame-
ters combined with the strong association between
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amount of resorption during the first and second six-
month treatment period strongly suggest individual
predisposition as the major etiological factor.
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